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DIFFUSION BONDING OF COPPER
SPUTTERING TARGETS TO BACKING
PLATES USING NICKEL ALLOY
INTERLAYERS

CROSS-REFERENCE TO RELATED
APPLICATION

The benefit of prior U.S. Provisional Application No.
60/210,953, filed Jun. 12, 2000 1s hereby claimed.

FIELD OF THE INVENTION

The present invention relates to a method for preparing
sputter target/backing plate assemblies, and to the target/
backing plate assemblies prepared therefrom. More
particularly, the invention pertains to methods for diffusion
bonding copper sputter targets to associated backing plates,
preferably composed of aluminum, aluminum alloy, alumi-
num matrix composite material, copper, or copper alloys,
using nickel-alloy interlayers and to assemblies produced
thereby.

BACKGROUND OF THE INVENTION

Cathodic sputtering 1s widely used for depositing thin
layers or films of materials from sputter targets onto desired
substrates. Basically, a cathode assembly including the sput-
ter target 1s placed together with an anode 1n a chamber filled
with an 1nert gas, preferably argon. The desired substrate 1s
positioned 1n the chamber near the anode with a receiving,
surface oriented normally to a path between the cathode
assembly and the anode. A high voltage electric field 1s
applied across the cathode assembly and the anode.

Electrons ejected from the cathode assembly 1onize the
inert gas. The electrical field then propels positively charged
ions of the inert gas against a sputtering surface of the
sputter target. Material dislodged from the sputter target by
the 10n bombardment traverses the chamber and deposits to
form the thin layer or film on the receiving surface of the
substrate.

In so-called magnetron sputtering, a magnet 1s positioned
behind the cathode assembly to generate an arch-shaped
magnetic field. The arch-shaped field, formed 1 a closed
loop configuration over the sputtering surface of the sputter
target, serves to trap electrons 1n annular regions adjacent
the sputtering surface. The increased concentrations of elec-
frons 1n the annular regions adjacent the sputtering surface
promote the 1onization of the inert gas in those regions and
increase the frequency with which the gas 1ons strike the
sputtering surface beneath those regions.

The sputter target 1s heated during the sputtering process
by the thermal energy of the bombarding gas ions. This heat
1s dissipated by heat exchange with a cooling fluid typically
circulated beneath or around a backing plate which 1is
bonded to the sputter target along an interface opposite the
sputtering surface.

With respect to sputter target assemblies used during
sputtering processes, more specifically to copper target
assemblies, these assemblies historically have been made by
bonding a high-purity Cu plate to a lightweight and highly
heat conductive backing plate, such as Al, aluminum alloy,
or aluminum matrix composite materials. Additionally, Cu
targets may be bonded to a Cu, or Cu alloy, backing plate in
forming target assemblies. Two methods used 1n bonding Cu
targets are solder bonding and diffusion bonding.

Solder bonds typically tend to produce relatively low
bond strengths. More specifically, solder bonding between a
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Cu target and an Al backing plate only produces up to 4,000
psi (28 Mpa) bond strength with bond strength decreasing as
the temperature of the target assembly increases during
sputtering. In addition, typical solder bonding has low
melting point and high vapor pressure elements that are a
potential source for contamination in a sputtering chamber
during sputter deposition. Therefore, diffusion bonding is
preferred.

However, the bond between a Cu target and backing
plates formed of various metallic materials may produce
very brittle intermetallic compounds during the bonding
process resulting 1n a weak bond. Specifically, the bond
between Cu and Al produced by diffusion bonding 1s
extremely weak due to the fact that Cu and Al form several
very brittle intermetallic compounds during the bonding
process. These brittle interphases tend to reduce the
mechanical load necessary to initiate failure during tensile
testing, for example, copper and aluminum are capable of
forming a low temperature intermetallic phase incapable of
withstanding a tensile stress greater than approximately 2 ksi

(1.4x107 N/m?).

To eliminate this intermetallic interphase and improve
bond strength, it 1s necessary to use an interlayer, such as N1
or T1, between the target and backing plate.

Nickel has been used previously as an interlayer to
climinate the intermetallic interphase. The use of N1 inter-
layers eliminates the intermetallic phase between target and
backing plate thereby significantly improving bond
strengths especially between copper sputter targets and
aluminum backing plates.

Notably, N1 interlayers may be prepared by sputter depo-
sition. However, sputter deposition of a Ni interlayer is
difficult because Ni 1s a highly ferromagnetic material.
Accordingly, usage of pure N1 results 1n low magnetic flux
intensity 1n front of the target surface because a considerable
portion of magnetic flux from system magnets 1s shunted by
the target. Magnetic targets cannot be efficiently sputtered,
nor plasmas be 1gnited, if there 1s not suflicient magnetic flux
intensity in front of the targets.

A Ni-alloy interlayer can be used to achieve higher
magnetic flux intensity and improved magnetic flux distri-
bution over pure Ni interlayers. Specifically, alloying Ni
with V, 11, Cr, and S1 can reduce the magnetic permeability
of N1. Using such Ni-alloy interlayers significantly increases
the deposition rate and allows the use of thicker targets in
production. Thicker targets require less frequent target
replacement resulting 1n decreased tool down time and
increased productivity. Also, layer uniformity 1s improved
which 1ncreases bonding quality and strength. Lastly, a fine
orain and preferred crystallographic texture in the bonded
Cu target 1s retained.

Accordingly, there remains a need in the art for a sputter
target assembly comprising a high purity copper sputter
target, a metallic backing plate, preferably composed of
aluminum, aluminum alloy, aluminum matrix composite
material, copper, or copper alloys, and a Ni-alloy interlayer
having a high bond strength and no intermetallic phase
between target and backing plate, and a method of making
same.

SUMMARY OF THE INVENTION

The present mnvention provides a sputter target/backing
plate assembly comprising a sputter target composed of
copper and alloys thereof, most preferably high-purity
copper, a backing plate composed of a metallic material,
preferably aluminum, aluminum alloy, aluminum matrix
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composite materials, copper, or copper alloys, and an 1nter-
layer between the target and backing plate wherein the
interlayer, target, and backing plate are diffusion bonded
together. The imterlayer 1s composed of a Ni-alloy, prefer-
ably Ni—V, N1i—1T1, Ni—Cr, and N1—Si.

With respect to the target assembly, higher magnetic flux
intensity and improved magnetic flux distribution can be
achieved by using a Ni-alloy target. Alloying N1 with V, Ti,
Cr, and S1 can reduce the magnetic permeability of Ni. Also,
using such Ni-alloy interlayers significantly increases the
deposition rate and allows the use of thicker targets in
production. Thicker targets require less Ifrequent target
replacement resulting in decreased tool down time and
increased productivity. Lastly, layer uniformity 1s improved
which increases bonding quality and strength.

The method of making the sputter target/backing plate
assembly of the present invention includes depositing, pref-
crably by means of electroplating, sputtering, or plasma
spraying, the interlayer on one of the mating surfaces of the
target or backing plate. The mating surface of either the
sputter target or the backing plate preferably is roughened to
form a plurality of salient portions projecting therefrom. The
mating surfaces must be carefully cleaned prior to deposi-
tion of the interlayer. After deposition, the sputter target and
backing plate are pressed together along the mating surfaces.
The sputter target and the backing plate are held 1n contact
at a temperature just below the melting points of the sputter
targcet and backing plate materials to promote diffusion
bonding. In a preferred method of making, the target,
interlayer, and backing plate are HIPped together in a HIP
can.

In an especially preferred form of the invention, the
mating surface on the harder of the sputter target or the
backing plate 1s roughened by machining a series of con-
centric grooves therein. The grooved mating surface 1is
covered by a nickel-alloy layer having a consistent
thickness, preferably of approximately 1 to 100 microns.
The sputter target and the backing plate are then joined along
the mating surfaces using hot 1sostatic pressing. The process
results 1n a fully joined assembly wherein the sputter target
material 1s bonded 1n situ to the backing plate material
through the medium of the nickel-alloy interlayer.

Preferably, the mnickel-alloy interlayer 1s of sufficient
thickness that the sputter target and the backing plate form
substantially separate metallurgical bonds therewaith; that is,
the assembly forms two relatively strong intermetallic
phases, including a first mtermetallic phase between the
nickel-alloy and the backing plate and a second intermetallic
phase between the nickel-alloy and the copper of the sputter
target, rather than a single, relatively brittle intermetallic
phase between the sputter target and backing plate materials
themselves.

Typically, the high purity metal or metal alloy of the
sputter target will be harder than the metallic material of the
backing plate. When the grooves and the nickel-alloy inter-
layer are formed on a mating surface of a sputter target
formed of a metallic material harder than the metallic
material from which the backing plate 1s composed, the
jageged salient portions or ridges defined between the
oToOVves serve to puncture the native oxide on the aluminum
backing plate. The sides of the grooves provide additional
surface area across which the metallic material from the
backing plate diffuses to form a thick, yet strong, interme-
tallic phase.

The disruption of the mating surfaces caused by the
pressing of the roughened surface against a substantially
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planar mating surface 1s believed to provide additional
mechanical advantages. It 1s believed that the non-planar
interface between the sputter target and backing plate por-
tion of the completed assembly increases the resistance of
the bond to shear failure. Furthermore, 1t 1s believed that the
salient portions defined by the grooves fold over during the
pressure consolidation of the assembly to form a locking
type mechanism.

Whether on the mating surface of the sputter target or of
the backing plate, the roughening provides the added advan-
tage of facilitating the deposit of the nickel-alloy interlayer
through the removal or disruption of any oxide layer formed
on that surface.

The 1invention will be further described 1n the following,
description, the accompanying drawings and the appended
claims.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a sputter target assembly made 1n accor-
dance with the present invention;

FIGS. 24 diagrammatically 1llustrate a series of steps
performed 1n accordance with the invention for making the
sputter target assembly of FIG. 1;

FIG. § 1s a bottom plan view of an alternative embodiment
of a sputter target made 1n accordance with the invention;
and

FIG. 6 15 a cross-sectional elevational view of the sputter
target of FIG. 5.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, a sputter target assembly 10 includes
a target 12 defining a first mating surface 14, a backing plate
16 defining a second mating surface 18, and an interlayer 20
between the first and second mating surfaces 14, 18 wherein
the interlayer 20, target 12, and backing plate 16 are ditfu-
sion bonded together.

The target plate 12 comprises copper or a copper alloy,
preferably high-purity copper, such as 5N or 6N copper. The
backing plate 16 comprises a metallic material preferably
aluminum, aluminum alloy, aluminum matrix composite
materials, copper, or copper alloy, most preferably Al 6061.
And, the mterlayer 20 1s made of a Ni-alloy, preferably
N1i—V, N1i—T1, Ni—Cr, or N1—51, most preferably Ni-7V.
The mterlayer 20 preferably has a thickness of about 1 to
100 microns. Notably, these target assemblies 10 with
Ni-alloy interlayers 20 have high magnetic flux intensity and
cood magnetic flux, as well as good deposition rates allow-
ing for the use of thicker targets in production. Lastly, the
Ni-alloy interlayers 20 provide an interlayer uniformity that
increases bonding quality and strength.

The bonds between the target 12 and the mterlayer 20, and
the 1nterlayer 20 and the backing plate 16, are of the
interdiffusion type wherein the target plate 12 1s joined to the
interlayer 20, and the interlayer 20 1s joined to the backing
plate 16.

The mterface between the target 12 and the interlayer 20
defines a first intermediate portion 22 which 1s thought to
comprise an intermetallic phase including copper or copper
alloy and Ni-alloy. The interface between the interlayer 20
and the backing plate 16 defines a second intermediate
portion 24 which 1s thought to comprise an intermetallic
phase including Ni-alloy and a metallic material. Depending
on the thickness of the mterlayer 20, an interlayer portion 26
composed primarily of Ni-alloy may lie between the first
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and second intermediate portions 22,24. As shown, the
sputter target assembly 10 includes a relatively planar sur-
face 26 from which sputtering material 1s to be ejected to
coat a desired substrate during the sputtering process.
With reference to FIGS. 2-4, a preferred method of
making the sputter target assembly 10 of the present inven-
tion comprises diffusion bonding the target 12, interlayer 20,
and backing plate 16 by hot isostatic pressing (HIPing) the
assembled target within a HIP can assembly 32 (FIG. 3).
HIPing methods are described in more detail in U.S. Pat. No.

5,234,487, 1ssued to Wickersham et al., and U.S. Pat. No.
5,230,459, 1ssued to Mueller et al., the disclosures of which
are 1ncorporated herein by reference.

With respect to the method of making, FIG. 2 shows the
target plate 12, preferably comprising copper or alloys
thereof, most preferably high-purity copper, such as 5N and
6N copper, having a freshly machined and carefully cleaned
flat first mating surface 14 facing upwardly within HIP can
28. The target plate 12 then 1s overlaid with the interlayer 20
comprising a Ni-alloy, preferably N1i—V, Ni—11, N1—Cr, or
N1—S1, most preferably Ni-7V. The interlayer 20 can be

deposited onto the target plate 12 by conventional methods
such as electroplating, sputtering, or plasma spraying and
preferably 1s about 1 to 100 microns thick, but may be of
other thicknesses provided that 1t 1s sufficiently thick so that
strong metallic bonds will form between the target 12 and
the interlayer 20, and between the interlayer 20 and a
backing plate 16.

The 1mterlayer 20 1s then overlaid with the backing plate
16 made of a metallic material preferably aluminum, alu-
minum alloy, aluminum matrix composite materials, copper,
or copper alloy, most preferably Al 6061, and which pret-
erably includes a freshly machined and carefully cleaned flat
second mating surface 18 facing downwardly within the can
28. Accordingly, the artisan will appreciate that the inter-

layer 20 could be deposited onto a backing plate 16 and the
target 12 overlaid on the iterlayer 20.

After the target 12, the interlayer 20, and the backing plate
16 are placed in the can 28, a top closure plate 30 1s welded
onto the can 28 to form a can assembly 32 defining a vacuum
tight closure, as shown 1n FIG. 3. Further, residual air is
removed from the interior of the can assembly 32 through a
tube (not shown) attached thereto.

Next, the can assembly 32 1s placed in a HIP chamber 34
as shown 1n FIG. 4 and 1s subjected to a HIP process at a
predetermined temperature and pressure for a selected time
period. The can assembly 32 1s typically subjected to equal
pressure from all sides by means of a pressurizing gas,
usually argon. The particular conditions used for the HIP
process are selected to meet the requirements necessary to
achieve sound bonds between the target 12 and the interlayer
20, and between the iterlayer 20 and the backing plate 16.

In a preferred HIP process, an interlayer 20 comprising
Ni1-7V 1s deposited onto the first mating surface 14 of a target
12 comprising Cu, and the second mating surface 18 of a
backing plate 16 comprising Al 6061 1s laid on the interlayer
20. The sputter target assembly structure i1s placed into the
HIP can assembly 32 and subjected to a temperature of about
350° C. and a pressure of about 15 ksi for a time period of
about three hours inside a HIP chamber 34. Bonds having
bond strengths as great as about 10,000 psi (69 MPa) are
formed between the target 12 and backing plate 16. Such
bond strength 1s equivalent to using pure N1 as an interlayer.
Also, the target assembly has a fine grain and preferred
crystallographic texture.

After the HIP process has been completed, the sputter
target assembly 10 may be pressed and machined 1f desired
by conventional means to desired dimensions.
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FIGS. 5 and 6 show another embodiment of the invention
wherein one of the mating surfaces 14, 18 of either the target
12 or the backing plate 18 may be roughened such as by
machining. More specifically, a target 12 1s provided with a
plurality of annularly-shaped grooves 36 machined therein
defining jagged V-shaped projections or ridges 38 therebe-

tween. The grooves 36 are concentrically arranged and are
approximately 0.010 to 0.020 inch (0.25 to 0.50 mm) deep,

preferably about 0.010 inch (0.25 mm) deep. FIG. 6 further
illustrates the first mating surface 14 of the target 12 being

overlaid with an interlayer 20.

While the mvention 1s not limited to the use of concentric
circular grooves 36 such as those shown 1 FIGS. 5 and 6,
the use of concentric grooves 36 forming closed or endless

loops 1s preferred because any oxygen trapped 1n the metal
surface will be impeded from migrating out of the surface

during the sputtering operation. Such migration might con-
taminate the sputtering chamber (not shown) and could lead
to the formation of impurities on the sputter-coated substrate
(not shown). The use of concentric circular grooves are
especially preferred in that they are relatively easy to
machine as compared to more complicated curves or figures.

Also, while the sputter target 12 shown 1n the figures is
circular 1n cross-section, the invention 1s equally applicable
to the fabrication of sputter target assemblies 10 from sputter
targets 12 having rectangular or other cross-sectional
shapes. Likewise, while the sputtering surfaces 26 of the
sputter targets 18 are shown as planar, the technique of the
invention 1s equally applicable to forming sputter target
assemblies 10 having different contours. One example of a
sputter target assembly structure to which the method of the

present 1nvention may be applied 1s shown 1 FIGS. 4 and
S of the aforementioned U.S. Pat. No. 5,230,459 to Mueller

et al.

Additionally, although the invention has been described
as utilizing a HIPing process for pressure consolidation of
the assembly, the artisan will appreciate that such consoli-
dation could be effected for example by a vacuum hot
pressing operation in which a preheated target, interlayer,
and backing plate combination 1s placed 1n a vacuum
chamber and then pressed to promote bonding.

While the method described herein and the sputter target/
backing plate assemblies produced 1in accordance with the
method constitute preferred embodiments of the invention,
it 15 to be understood that the invention 1s not limited to these
precise methods and sputter target/backing plate assembly
structures, and that changes may be made 1n either without
departing from the scope of the invention, which 1s defined
in the appended claims. It 1s also to be kept in mind that
reference to a metal or metal component herein also includes
reference to alloyed forms of the stated metal.

What 1s claimed 1s:

1. A method of making a sputter target/backing plate
assembly comprising:

a) providing a sputter target comprising a high-purity

copper and alloys thereof and defining a first mating,
surface;

b) providing a backing plate composed of a metallic
material selected from the group consisting of
aluminum, aluminum alloy, and aluminum matrix com-
posite materials and defining a second mating surface;

¢) depositing an interlayer on one of said first and second
mating surfaces, said layer composed of N1—V; and

d) pressing said sputter target and said backing plate
together along first and second mating surfaces so as to
form a diffusion bond along said first and second
mating surfaces.
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2. The method as recited 1n claim 1 wherein said high
purity copper 1s selected from the group consisting of 5N
and 6N copper.

3. The method as recited 1in claim 1 wherein said alumi-
num 1s Al 6061.

4. The method as recited 1n claim 1 wherein said Ni—V
1s N1-7V.

5. The method as recited in claim 1 wherein said step d)
1s carried out by hot 1sostatic pressing.

6. The method as recited in claim 1 wheremn said hot

isostatic pressing comprises pressing at 350° C. and 15 ksi
for 3 hours.

7. A sputter target/backing plate assembly comprising;:

a sputter target comprising high-purity copper and alloys
thereof and defining a first mating surface;

a backing plate comprising a metallic material selected
from the group consisting of aluminum, aluminum
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alloy, aluminum matrix composite materials and defin-
ing a second mating surface;

an interlayer comprising N1i—V between said first and
second mating surfaces; and

wherein said target, said interlayer, and said backing plate
are diffusion bonded together.

8. The sputter target/backing plate assembly as recited 1n
claim 7 wherein said high-purity copper 1s selected from the
ogroup consisting of SN and 6N copper.

9. The sputter target/backing plate assembly as recited 1n
claim 7 wherein said aluminum 1s Al 6061.

10. The sputter target/backing plate assembly as recited in
claim 7 wherein said N1i—V 1s N1-7V.
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